INTRODUCTION
Urbanization worldwide, particularly in developing nations, is changing mortality and morbidity patterns from largely infectious to non-communicable diseases. 1 Although governed by genetics, the increase in non-communicable (often inflammatory) diseases is thought to be driven by changes in environmental factors. 2 Moreover, in rapidly expanding urban centers, socioeconomic differences are resulting in heterogeneous environmental exposures that are determining disease patterns. For instance, some urban areas are characterized by high-population density, overcrowding, limited access to potable water and poor sanitation, 3 all of which increase exposure to pathogens. 4 Conversely, other urban environments are more affluent with wealthier inhabitants having greater access to clean water, food and adequate sanitation, but at the same time being more susceptible to chronic conditions such as hypertension, 5 obesity 6 and cardiovascular diseases. 7 Further along this spectrum, rural environments in developing countries remain largely agrarian with lifestyles characterized by traditional diet, 8 limited access to healthcare 9 and in many areas, continual exposure to pathogens.
Understanding the factors associated with changing environments and the link to the alteration of the immune system would be important for both communicable and non-communicable disease prevention strategies. Although risk factors associated with the rural to urban transition, particularly in relation to inflammatory diseases, have been studied extensively, 10, 11 little is known about actual changes that take place in the immune system as a function of the rural-urban gradient.
Examining gene expression patterns is one approach toward dissecting differences in immune responses between urban and rural populations, as variability in gene expression is a result of not only genetic but also environmental factors. 12 Moreover, differential gene expression can be a key mechanism in disease manifestation. 13 Although many studies have addressed the genetic determinants of gene expression, few have examined the impact of geographical location in generating transcriptional variation. A study conducted among the genetically homogenous Amazighs of Morocco living in three geographically distinct areas demonstrated that locality can have a dominant impact on gene expression profiles with up to one-third of the leukocyte transcriptome being associated with geographical area differences. 14, 15 However, this study did not explore the possible factors within the distinct geographical locations that may account for observed profile differences. The high burden of parasitic infection in many rural areas, in addition to differences in socioeconomic status (SES) within urban areas, can result in very different exposures to microorganisms and thus lead to differences in transcriptomal profiles.
We investigated whether contrasting geographical locations in one region of Ghana with a large urban center and rural areas that are endemic for parasitic infections 16 have an impact on mRNA expression of selected immune genes among children. Our target study locations were a rural area, an urban low-SES area and an urban high-SES area.
Of particular interest were genes involved in immune activation and regulation particularly in response to parasites including helminths. Given the role of Toll-like receptors (TLRs) in the recognition of pathogen-associated molecular patterns linked to microbial infection, 17 various genes involved in the TLR signaling pathway were part of our selection. In environments typified by chronic helminth infections, key factors involved in the immune regulation of helminth infections such as the regulatory cytokines interleukin (IL)-10 and tumor growth factor-b (TGF-b) 18 were part of our selection. In addition, immune markers involved in T-cell activation and polarization such as FOXP3 were included as CD4 þ CD25 þ FOXP3 þ regulatory cells form a key population of regulatory cells involved in infections in general. 19 The gene for Immunoglobulin E (IgE) antibody, which is strongly associated with immune responses to helminths, was included to compare with IgE antibody levels in circulation and thus act as a control. We hypothesized that the expression of genes involved in immune regulatory processes associated with helminth infections would be high in the rural area followed by the urban low SES and then urban high-SES areas.
RESULTS

Characteristics of study participants
Whole-blood samples were collected from 151 children for gene expression profiling. Table 1 shows the characteristics of the study participants. The rural area was endemic for helminths with 54.2% of children being positive for Schistosoma haematobium and 38.3% having at least one intestinal helminth infection. Malaria infection was detected among 52.2% of rural participants. Both urban schools were free of S. haematobium infection with no detectable malaria infection among the urban low-SES children and one case among urban high-SES children. Intestinal helminth infections were present in both urban schools and affected 13.5% of urban low-SES participants compared with 2.0% of urban high-SES subjects. Serological analysis showed that the geometric mean C-reactive protein (CRP) level was five times higher among rural children compared with their urban counterparts and slightly lower in the urban low SES compared with urban high-SES school. We also observed that the geometric mean total IgE level was significantly elevated among rural compared with both urban low SES and urban high-SES children (Po0.001).
Living in the rural area was associated with elevated total IgE (but not CRP) after taking parasitic infections into account We analyzed whether area differences in CRP and total IgE levels still remained after taking parasitic infections into account . Given that these parameters were not normally distributed, CRP was categorized into a binary variable using the geometric mean (1.1 mg ml À 1 ) as a cut-off, whereas total IgE was log-transformed.
After adjusting for current helminth and malaria infections, living in the rural area still was strongly associated with elevated total IgE (Po0.001) but not CRP (P ¼ 0.232). In addition, malaria infection was independently associated with CRP (Po0.05) after adjusting for area.
Gene expression profiles can vary as a function of urban-rural area and SES Gene expression levels (expressed as Z-scores) in peripheral blood samples of children in the three areas were compared and are shown in Figure 1 . The results of detailed Bonferroni pairwise comparisons of between-area differences in gene expression levels are shown in Supplementary Table S2 . IgE mRNA expression was strongly elevated among children in the rural area, where helminths were highly prevalent, compared with both urban schools. A correlation was observed between total IgE and IgE mRNA (Spearman's rho correlation coefficient ¼ 0.61, Po0.001). The expression levels for genes with immunosuppressive activities such as IL-10 and programmed cell death protein 1 (PD-1) were highest among rural participants followed by the urban low-SES school and lastly the urban high-SES school (P-trend o0.001). mRNA levels for IL-10 and for PD-1 were also correlated with each other (Spearman's rho correlation coefficient ¼ 0.55, Po0.001) as shown in Supplementary Figure S1 . Other genes involved in immune regulation such as TGF-b and FOXP3 were lowest in the rural area and while TGF-b levels showed a gradient increase across the schools from the rural to urban low SES to urban high SES, FOXP3 expression was similar in both urban schools.
The expression of some genes involved in TLR signaling, specifically TLR-2, TLR-4, CD14, NOD-2, SOCS-3 and LIR-7 were all high in the blood of urban high-SES children but lower in both urban low SES and rural children. Post hoc pairwise comparison tests indicated that observed differences between the urban schools were significant (Po0.05).
Gene expression profiles can be affected by parasitic infections The influence of parasitic infections on gene expression profiles, independent of area differences, was assessed by examining expression in the rural area only. Children with current S. haematobium infection had significantly lower CD14, LIR-7 and CD28 mRNA expression levels (Po0.05) as shown in Figure 2 . The mean expression levels of other genes involved in the TLR signaling pathway were lower among S. haematobium positives compared with negatives but these were not statistically significant. As expected, relative IgE mRNA expression showed the opposite trend and was higher among S. haematobiuminfected children compared with uninfected children. With respect to intestinal helminths, as shown in Supplementary Figure S2 , there was a tendency toward lower expression levels of some of the TLR signaling genes among intestinal helminth-infected participants compared with uninfected, but this did not reach statistical significance. This tendency was observed specifically for NOD-2 (P ¼ 0.09) and SOCS-3 (P ¼ 0.07). Malaria infection was not significantly associated with the expression levels of the genes investigated (Supplementary Figure S3) .
IL-10 gene expression in the rural area was not associated with current parasitic infection After adjusting for age and gender, no significant associations were observed between IL-10 gene expression in the rural area and S. haematobium infection (P ¼ 0.292), having any intestinal helminth (P ¼ 0.967) or malaria infection (P ¼ 0.728).
Area differences in IL-10 gene expression are not fully accounted for by IL-10 polymorphisms Given the striking differences observed in relative IL-10 mRNA expression between rural and urban school children, we examined whether underlying variations in genetic polymorphisms could account for these differences.
The minor allele frequencies (MAFs) for selected IL-10 singlenucleotide polymorphisms (SNPs) genotyped are shown in Supplementary Table S3 and were compared with the Yoruba in Ibadan, Nigeria (YRI) genotype data from HapMap (www.hapmap.org) as well as to the data from a population study conducted in Northern Ghana. 20 As shown in Supplementary Table S3 , MAFs for the polymorphisms examined were similar across the three populations.
Supplementary Table S4 details the MAFs for the IL-10 SNPs stratified by area as well as the results of comparative betweenarea Pearson's w 2 tests. Some significant differences in MAFs between the three areas were observed. Specifically, the MAF for rs3024496 was significantly higher in the rural school compared with both urban schools and the MAF for rs1878672 significantly lower in the urban high-SES school compared with the other schools. In addition, the MAF for rs1800890 was significantly lower in the urban high-SES school compared with rural school but not the urban low-SES school. Associations between IL-10 SNPs and IL-10 mRNA expression were also examined for subjects with data for both parameters (N ¼ 134) and the results are shown in Supplementary  Table S5 . After adjusting for area, only the marker rs1800871 was significantly associated with IL-10 mRNA (Po0.05) with increasing copies of the minor allele of this SNP corresponding to decreasing IL-10 mRNA expression (shown in Supplementary Figure S4) . Figure 3 shows IL-10 mRNA expression in rural, urban low SES and urban high-SES children according to the number of copies of the minor allele of IL-10 SNP rs1800871. For rural children with two copies of the minor allele of rs1800871, IL-10 mRNA was higher compared with urban low SES and urban high-SES children. When we examined the association between area and IL-10 mRNA after adjusting for the SNP rs1800871 and demographic factors, living in the rural area was still strongly associated with elevated IL-10 mRNA (P ¼ 1.87 Â 10 À 7 ).
Area differences in IL-10 gene expression are not explained by differences in ethnicity Given that a few significant area differences in IL-10 SNP frequencies were observed, which may reflect variations in underlying genetics between the areas, we analyzed whether differences in reported ethnicity among the three groups could explain IL-10 gene expression variability. Information on ethnicity was available for 85 out of 151 children. For this subset, there was no association between reported ethnicity and IL-10 mRNA expression (P ¼ 0.469) after adjusting for age, gender and area. In this adjusted model, rural area was still strongly associated with elevated IL-10 mRNA expression (P ¼ 0.001).
Area differences in TLR-2 and TLR-4 gene expression profiles are not explained by TLR-2 and TLR-4 polymorphisms The MAFs for TLR-2 and TLR-4 SNPs in our population compared with the YRI genotype data from HapMap as well as to a population in Northern Ghana 21 are shown in Supplementary  Table S6 . The MAFs across these three populations were comparable overall.
The area differences in MAFs for TLR-2 and TLR-4 SNPs are shown in Supplementary Table S7 . For the TLR-2 marker rs3804100, there were significant area differences but the overall MAF was low in our population. A significant difference was also observed for the marker rs4696480, which was significantly higher in the urban high-SES school compared with urban low-SES school. For TLR-4 markers, the MAF of rs2737190 was significantly different between rural and urban high-SES children (P ¼ 0.048), but the overall MAF of this SNP was low in our population. For rs10759932, there was a significant difference in MAF between rural and urban high-SES children (P ¼ 0.036). A total of 142 children had data for TLR polymorphisms and TLR mRNA. None of the TLR-2 and TLR-4 markers were significantly associated with TLR-2 and TLR-4 mRNA expression, respectively (Supplementary Table S8 ). In addition, adjusting for the TLR-2 and TLR-4 SNPs did not make a difference to observed area differences in mean TLR-2 and TLR-4 mRNA expression levels, respectively.
DISCUSSION
In our study, we observed marked differences in the gene expression profiles of Ghanaian children attending schools in rural, urban low SES and urban high-SES areas in the Greater Accra Region of Southern Ghana. Our study demonstrates that environmental determinants associated with specific geographical locations and lifestyle have a strong impact on shaping immune gene expression profiles. Similar observations were made by Idaghadour et al.
14,15 who used whole-genome expression arrays and found a genome-wide expression signature of regional population differences in Morocco However, in our investigation, we further examined the effects of specific infections and socioeconomic differences on the gene expression patterns of our study population. Higher gene expression levels of IgE, IL-10 and PD-1 were seen in the peripheral blood of rural compared with urban children in our study population. S. haematobium infection could account for the urban-rural difference observed in IgE gene expression, as this infection in the rural area was strongly associated with higher IgE mRNA expression. This would be expected since high-serum IgE protein is an established hallmark of schistosomiasis infection. 22 In addition, a publication by Hartgers et al. validated ex vivo mRNA expression in rural Ghana by showing a strong correlation between IgE mRNA and serum IgE. 23 Interestingly, current helminth infections did not account for the markedly elevated IL-10 and PD-1 mRNA levels among rural compared with urban children. For IL-10, this was somewhat unexpected, as chronic helminth infections are characterized by an anti-inflammatory environment marked by elevated IL-10 and TGF-b. 19 Given this anomaly, we went on to examine whether differences in ethnicity or genetic polymorphisms may explain elevated IL-10 mRNA among rural compared with urban children. In a subset, no association was observed between ethnicity and IL-10 gene expression. Regarding genetic variants, while the minor allele of one particular marker rs1800871 was strongly associated with decreased expression of IL-10 mRNA, after controlling for the effects of this SNP, IL-10 mRNA expression in the rural area was still elevated compared with the two urban areas. This suggests that although underlying genetics have a role in gene expression profiles, environmental factors appear to have a dominant influence. The lack of association between helminth infection and IL-10 mRNA expression might be due to the fact that in our study we have looked at current helminth infection, whereas past infections could also have shaped the regulatory network. An additional factor to note is that the method used to diagnose helminth infections, might not have been sensitive enough to detect all infected subjects. Moreover, post-transcriptional regulation of the IL-10 gene has been reported 24 and therefore IL-10 gene expression might be different from the production of the protein. However, the possibility that factors other than helminth infections, such as environmental mycobacteria 25 play an important role in expanding IL-10 gene expression, cannot be ruled out and would need further investigation.
The level of IL-10 mRNA expression was also positively correlated with PD-1 gene expression. PD-1 protein is thought to have regulatory functions inhibiting T-cell proliferation and cytokine production. 26 In addition, PD-1 receptor is a wellestablished marker of 'T-cell exhaustion' which is the progressive loss of T-cell function under conditions of antigen persistence following chronic infections such as viral infections. 27 The role of IL-10 in T-cell exhaustion has also been demonstrated in the murine lymphocytic choriomeningitis virus system. 28 The correlation between IL-10 mRNA and PD-1 mRNA in our rural environment could indicate T-cell exhaustion in this area resulting from a chronic persistent infection.
We observed that the expression of TGF-b and FOXP3 was higher in the peripheral blood of children in both urban areas compared with their rural counterparts. A significant positive correlation between TGF-b and FOXP3 gene expression levels was also observed. The higher expression of these genes in the urban areas relative to the helminth-endemic rural area was unexpected as both TGF-b and FOXP3 are thought to be upregulated as part of the immune regulatory network associated with chronic infections. 29 In addition, regulatory T cells expressing FOXP3 driven by TGF-b have been implicated in the suppression of host immunity during chronic helminth infection. 30, 31 It would be important to examine whether these molecules show higher expression in urban areas at the protein level as well.
The other set of genes with elevated expression in urban high-SES subjects compared with the other two groups were some of those involved in TLR signaling. Specifically, TLR-2, TLR-4, CD14, NOD-2, SOC-3 and LIR-7. Of interest, studies in European farmers, have indicated that higher exposure to microorganisms might be associated with higher expression of receptors such as TLR-2 and CD14. 32 Here, we observed that S. haematobium infection in the rural area could explain the lower expression of CD14 and LIR-7 genes among the rural children and in comparison to the two urban groups. Other studies have shown that Schistosoma egg antigen downregulates the expression of genes involved in the TLR signaling pathway 33 and we have previously reported lower TLR-2 mRNA expression associated with current S. haematobium infection in rural Ghanaian children. 23 The contrast between the effects of an environment rich in microorganisms or parasites on the expression of pattern recognition receptors in Europe versus in Africa might be explained by the very different types and burden of microorganisms and parasites that are present in these environments. Thus, in rural Ghana, exposures might lead to downregulation whereas in central European farms, to the upregulation of pattern recognition receptors. Moreover, specific lifestyle factors may have a suppressive effect on the expression of genes involved in the interactions with pathogen-associated molecular patterns within our population.
None of the TLR-2 or TLR-4 SNPs examined were significantly associated with increased TLR-2 or TLR-4 mRNA expression, respectively. Polymorphisms of TLR genes are of particular importance given the key role of TLRs as pattern recognition receptors in host defense mechanisms against microbial pathogens.
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Overall, we observed that not only were the rural and urban areas different but that there were also significant differences within the urban area. Changes along a gradient from rural to urban low SES to urban high SES implicate factors that are likely to reflect exposure to pathogens. However, factors that segregate into urban (irrespective of SES) and rural area are likely to reflect characteristics of urbanization, for example, changes in diet or pollution.
One limitation of our current study was that it was conducted with relatively small numbers of subjects in each study area. A larger sample size may have meant greater statistical power in detecting area differences for some of the genes as evident in some of the borderline significant observations. However, post hoc power analysis based on mean IL-10 mRNA levels in urban compared with rural children showed the study to be sufficiently powered. Another weakness of our study was that there was only a single sample collected for parasitic infections. Therefore, there is the possibility that if infections were missed, we underestimated the prevalence of our parasitic infections. Although the focus of our genetic polymorphism selection was on variants of importance in Caucasian populations, studies conducted in Northern Ghana that included most of the genetic variants at the IL-10 gene locus examined in our study demonstrated the functional importance of these variants in a Ghanaian population. 20, 35 Specifically, the minor allele of rs1800871 that was negatively associated with IL-10 mRNA in our study, was negatively associated with ex vivo IL-10 cytokine production in response to stimulation with Escherichia coli lipopolysaccharide and Saccharomyces cerevisiae zymosan in these two studies. 20, 35 However, the possibility still exists that IL-10 polymorphisms that were not examined in our study may contribute to the observed rural versus urban differences in the expression of IL-10 mRNA.
Common to all mRNA studies of whole blood, our study suffers from the fact that mRNA expression might not be directly related to protein expression levels. Although we used IgE as a positive control, showing that mRNA expression was paralleled by protein levels, this might not be the case for all genes examined. In addition, the expression of the mRNA is in whole blood and does not reveal any cell-specific profiles which might be important when considering their function in determining disease profiles. An additional weakness of our investigation is that differential blood cell counts were not assessed and differences in cellular composition may play a role in the expression patterns observed.
Despite the limitations, our study demonstrates that contrasting environments shaped by urbanization and associated characteristics contribute significantly to gene expression profiles among children. Future studies are needed to identify specific factors that activate particular immunological pathways and to understand the functional consequences of the differential gene expression profiles observed in terms of disease patterns and susceptibility.
MATERIALS AND METHODS
Study area
Study participants were recruited from three schools located in distinct geographical locations of the Greater Accra region of Ghana. This region is the second most populous in Ghana and is situated in the south-east of the country. The three schools were selected to reflect the dynamic environmental changes associated with urbanization in Ghana.
The rural school was located in Ayikai Doblo, a community in the Ga West district which is approximately 20-30 km north of Accra City Center. The vast majority of people in Ayikai Doblo are of the Ga-Adangme ethnic group. The main income-earning activities in this community are farming, trading and commercial sand collection. The area remains endemic for the waterborne helminth infection S. haematobium. 16 The urban low-SES school was located in Jamestown a coastal community in the city of Accra and is inhabited predominantly by indigenous Ga-Adangme people. Jamestown can best be described as a 'large high-density low-income formal settlement' 36 and is characterized by overcrowding as well as poor sanitation. The main economic activities in this area revolve around fishing and petty trading. The urban high-SES school was situated on the University of Ghana campus at Legon and can be classified as middle-tohigh income with the majority of those attending this school being the children of faculty and employees of the university. The school is ethnically diverse with not only Ga-Adangmes but also other Ghanaian ethnic groups.
Study population
The study population consisted of school children aged between 5-13 years randomly selected from a larger investigation into immune responses, parasitic infections and atopic sensitization in Ghanaian children. 23 RNA isolation from whole blood For each study subject, blood was drawn into a heparinised tube and immediately following venipuncture, 0.8 ml of whole blood was added to 3.6 ml of Nuclisens lysis buffer (Biomé rieux, Boxtel, The Netherlands) to stabilize RNA. Samples were stored for a maximum of 2 weeks at 4 1C after which they were transferred to À 80 1C for long-term storage. Detailed RNA isolation methodology has been described previously. 23 Briefly, a Nuclisens Isolation kit (Biomé rieux) was used for the isolation of total nucleic acid according to the manufacturer's instructions. Before the isolation, the samples were treated with RNAse-free DNAse (Invitrogen, Breda, The Netherlands) to remove genomic DNA.
cDNA synthesis and real-time PCR
The cDNA synthesis and real-time PCR methodology followed has been described in detail by Hartgers et al. 23 Briefly, reverse transcription of RNA was carried out using moloney murine leukemia virus reverse transcriptase (Invitrogen). Gene expression was determined by real-time quantitative PCR using the ABI PRISM 7500 system (Applied Biosystems, Foster City, CA, USA). PCR reactions were performed in duplicate according to Taqman assay instructions using Taqman probes and qPCR Core kit reagents (Eurogentec, Seraing, Belgium).
Normalization of gene expression was done using the housekeeping gene 18S rRNA. Following the normalization procedure, the donor with the lowest expression was set to 1. Expression levels for other donors for each gene were determined relative to this donor. A description of genes examined is shown in Supplementary Table S1 .
Genotyping
Polymorphisms of IL-10, TLR-2 and TLR-4 genes were selected on the basis of a larger investigation to establish whether genetic variants associated with allergic phenotypes in developed countries were of relevance in Ghana. Therefore, variants associated with allergy phenotypes in European populations were targeted.
For IL-10, tagging SNPs from the IL-10 gene region were selected based on genotype data available through the HapMap project (www.hapmap.org). The HapMap reference population for the tagging selection was the CEPH (Utah residents with Northern and Western European Ancestry). In addition, SNPs in close linkage disequilibrium with the tagging SNPs as well as an additional IL-10 promoter SNP of functional importance in IL-10 cytokine production (rs10494879) were included. The linkage disequilibrium plot for the IL-10 SNPs genotyped is shown in Supplementary Figure S5 .
TLR-2 and TLR-4 polymorphisms were selected from the 10 human TLR genes using the Innate Immunity Program for Genomic Applications mutation screen. 37 Polymorphisms with a minor allele frequency X0.03 associated with amino-acid changes as well as SNPs with a minor allele frequency 40.1 associated with altered transcription factor binding in TLR regulatory regions were selected. 37 All SNPS were genotyped by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry using the MassARRAY system (Sequenom, San Diego, CA, USA) as has been described in detail elsewhere. 37, 38 A total of 330 samples from our study population were genotyped successfully for the IL-10 gene and 318 for the TLR-2 and TLR-4 genes. Genotype frequencies in the study population were examined for deviation from Hardy-Weinberg equilibrium as part of quality control for the genotyping process. MAFs for the SNPs genotyped were also compared with YRI genotype data from HapMap (www.hapmap.org) as well as to studies on genetic variation and inflammatory responses conducted in Northern Ghana 20, 21 (see Supplementary Table S3 and S6).
Total IgE and CRP
Serum levels of total IgE as well as CRP were assessed for each participant. Total IgE was measured by enzyme-linked immunosorbent assay as described in detail elsewhere. 39 The concentration of CRP in serum samples was determined by immunoturbidimetric assay using the automated P-800 system (Hitachi, Tokyo, Japan). Detailed methodology has been described elsewhere. 40 
Detection of parasitic infections
Helminths. Stool samples were collected for the detection of intestinal helminth eggs by the Kato-Katz technique using 25 mg of stool. A urine sample was also collected to determine S. haematobium infection using the standard filtration method in which 10 ml of urine is filtered through a nylon nucleopore filter (pore size, 10 mm) in a Swin-lok filtration device (Whatman,' s-Hertogenbosch, Netherlands). Helminth eggs were detected by microscopy.
Malaria detection. For each subject, a small quantity of blood was used to prepare a Giemsa-stained thick-smear slide to detect malaria parasites by microscopy.
Statistical analyses
Area differences in the distribution of subject characteristics were examined by Pearson's w 2 tests for categorical variables and MannWhitney U test for continuous variables. A P-value less than 0.05 was taken as the level for statistical significance. mRNA expression levels were not normally distributed and so were log-transformed (base 10). Z-scores ((individual level À mean level)/s.d.) were generated on log-transformed mRNA data. Analysis of covariance models were used to examine the association between area and mRNA expression levels adjusting for age and gender as a priori confounders. Bonferroni's correction was applied for between area pairwise comparisons. We also used analysis of covariance models to examine variations in mRNA expression according to helminth infections and malaria infection.
Haploview software package 41 was used to estimate MAFs of IL-10, TLR-2 and TLR-4 gene polymorphisms. Deviations from Hardy-Weinberg equilibrium were tested by w 2 tests. Area differences in the SNP MAFs were also examined. Linear regression models were generated to examine the relationship between individual IL-10 SNPs and IL-10 mRNA expression correcting for age, gender and area assuming an additive model. The same was done for the effects of TLR-2 and TLR-4 SNPs on TLR-2 and TLR-4 mRNA expression levels, respectively.
Statistical analysis was performed using IBM SPSS version 20.0 (SPSS, Chicago, IL, USA). GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA, USA) was used to generate figures.
